Procera AllCeram crowns were evaluated clinically, and preliminary results suggest that their clinical performance is acceptable. The cumulative survival rate at the third annual follow-up was 93.2%.
Introduction
Over the years, the demand for esthetic dental treatment, even for posterior teeth, has increased both among patients and among dentists, and all-ceramic restorations which look natural are becoming popular. Metal-free restorations with all-ceramic crowns are also advantageous for patients with metal allergy. Recently, several new types of all-ceramic crowns have been introduced in Japan. However, fractures have been reported during their use, especially in the case of crowns used for the posterior teeth. To overcome this problem and improve the mechanical properties of the crowns, reinforcement of the ceramic core materials with up to 70% aluminous oxide has been conducted. Pröbster 1 reported no failures in 61 In-Ceram crowns with alumina-coping during a 35-month observation period. Pröbster 2 also noted no catastrophic fractures requiring replacement of any restorations during a 56-month observation period. Another study by Scotti et al 3 found a 98.4% success rate for 63 In-Ceram crowns observed over a period of 24-44 months. The results of these clinical studies indicate that In-Ceram crowns may be used successfully for both anterior and posterior teeth.
Furthermore, increased attention has been focused on improving the core materials of dental crowns. In 1993, the Procera AllCeram crown, consisting of a densely sintered alumina core made of 99% aluminium oxide, was introduced in the market. The ceramic core material of the Pro-
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Yuji Kokubo, DDS, PhD, a Mitsuyoshi Tsumita, DDS, a Yuki Nagayama, DDS, cera AllCeram crown has been shown to have stronger mechanical properties as compared to those of other materials used until now. 4 For this system, the trimmed die of a definitive cast is scanned by a dental technician or dentist in Japan, and the data are sent to a laboratory at Sweden, from where the fabricated coping is returned within a short time. In addition, because of the use of colored copings in this system, it is easy to control the substrate color and translucency. 5 The laboratory process involved in the fabrication of Procera copings is less complex as compared to that involved in the fabrication of HiCeram or In-Ceram crowns with alumina coping. We began to use the Procera system clinically at our University Dental Hospital soon after it was introduced in Japan in January 2000. It is very attractive for dentists to be able to use allceramic materials, not only for the anterior teeth, but also for the posterior teeth. This freedom allows all areas of the mouth to be treated with the same type of restorative materials. Oden et al 6 reported that among 100 all-ceramic crowns, five crowns had to be replaced because of fracture of the porcelain veneer and aluminum oxide coping materials during a 5-year clinical observation period. Ödman and Andersson 7 showed a cumulative survival rate of the crowns of 93.5% at 10 years. However, there have been only a few clinical studies of Procera AllCeram crowns, especially of those manufactured in Japan. In general, the teeth in Japanese individuals are smaller in size as compared to those in European individuals, which might be affect the success rate.
The purpose of this prospective clinical study was to evaluate Procera AllCeram crowns placed in both the anterior and posterior areas of the mouth. While a follow-up period of five years is planned for the study, the preliminary follow-up results at 2-3 years are described in this report.
Materials and methods
In all, 101 Procera AllCeram crowns were placed at Tsurumi University Dental Hospital from July 2001 to October 2002. The 57 participants of the study consisted of 6 men and 51 women (ranging in age from 20 to 70 years). Informed consent was obtained from all of the participants prior to the start of the study. The criteria for patient selection were as follows: no strong history of bruxism or clenching of the teeth determined by interviewing the patients, less than 70 years old, good understanding of the purpose of the study, consent for 5 years' follow-up, no high caries activity (same natural teeth not treated more than twice within the same year), and no severe periodontal problems as evaluated by one periodontist. The study was conducted with the approval of the ethics committee of Tsurumi University (No.13).
Four dentists placed 101 Procera AllCeram crowns in the patients. The distribution of the teeth restored by the crowns is shown in Figure 1 ; the mandibular premolars were the most frequently restored. All the teeth were prepared using a special preparation bur (All ceramic preparation kit, Shofu, Kyoto, Japan), to obtain a 0.8-to 1.0-mm rounded chamfer marginal design and occlusal preparation depth of 1.5-2.0 mm. Sharp line angles were adjusted to allow for easy scanning, and impressions were made using vinyl polysiloxane impression material (Exafine, GC Corp., Tokyo, Japan). Definitive casts were then fabricated with a Type IV die stone (New Fuji Rock, GC Corp., Tokyo, Japan). All the trimmed dies were scanned in the same Procera scanner in accordance with standard procedures. The thickness of the coping was 0.6 mm in all the dental crowns examined in this study. All the crowns were fired with the same veneering porcelain (Vitadur Alpha, Vita Zahnfabrik, Säckingen, Germany) on the copings by six dental technicians at the hospital laboratory. No internal grinding was performed before the cementation, so as to avoid damage to the copings. All the crowns were luted with the adhesive resin cements shown in Table 1 . Ninety-two of the restored teeth were non-vital and 9 of the restored teeth were vital.
According to the protocol, the examinations were performed at the time of cementation (baseline) and annually thereafter for five years. Each examination was performed by two of the authors of this report using the California Dental Association (CDA) 8 quality evaluation system, to assess the marginal integrity, surface, color, and anatomic form of the crowns. Each item of evaluation in the CDA system was classified into one of the four following subcategories: excellent or acceptable (falling under the "satisfactory" category); and correction or replacement (included in the "not acceptable" category). The two investigators examined all the restorations independently. In case of divergence of opinion between the two, the final score was arrived at after a joint discussion between the two following a reexamination. Before the start of the study, the investigators were subjected to several calibration experiences in several clinical situations. The primary items examined were the rate of fracture, chipping, cracking and occurrence of marginal caries. The condition of the soft tissues surrounding the restored teeth and the control teeth, e.g., the amount of dental plaque 9 and gingival bleeding, 10 was also recorded during the examination. Small chipping and cracking of the crowns were corrected, and the necessity for removal of a crown was classified as failure.
The cumulative survival rate was calculated (SPSS Base 10.0, SPSS Inc., Chicago, IL, USA) using the Kaplan-Meier method (cumulative method). 11 In the final analysis, the crowns lost to follow-up were excluded. Table 2 and Figure 2 show the cumulative survival rate of the Procera AllCeram crowns at each of the annual follow-up evaluations. All the crowns, except those eliminated for various reasons (fracture, removed and lost to follow-up), were followed up for at least a two-year period. Thirty crowns could not be included at the third annual evaluation, because they did not function up to 3-year after cementation.
Results
One hundred crowns in 56 patients were examined at the first annual evaluation. One patient was excluded because of moving out. One crown (maxillary second molar) had been remade because of fracture of the porcelain veneer occurring within six months after the cementation. The opposing prosthesis consisted of a porcelainfused-to-metal crown on the implant. A maxillary incisal crown had been removed after 7 months because of esthetic problems. A maxillary second molar tooth had been extracted with the crown because of a root fracture occurring 8 months after the cementation. A small incisal chip had been detected in one crown (mandibular canine); the crown was corrected for the defect and polished, thereafter, it continued to function without any problems. The cumulative survival rate of the crowns at the first annual evaluation was 96.8%.
At the second annual follow-up, 96 of the 97 crowns could be included; one crown had been lost to follow-up, because the patient had missed her appointment. Two crowns had failed, including one on the mandibular premolar, which had fractured through the coping/porcelain after 23 months, and the other on a mandibular molar, which had fractured through the coping/porcelain after 27 months. Thus, the cumulative survival rate of the Procera AllCeram crowns at the second annual evaluation was 94.6%. At the third annual evaluation, five crowns in one patient had been lost to follow-up. This patient had missed her appointment because of pregnancy. Another patient had moved away from the area. The coping of one mandibular premolar crown had fractured after 38 months. The cumulative survival rate at the third annual evaluation was 93.2%.
All of the crowns examined were rated as satisfactory with regard to the marginal integrity and color at all the annual follow-up evaluations until 3 years after cementation. Two percent of the crowns had required correction of the surface within one year of cementation (Table 3) .
The average plaque index of the Procera AllCeram crowns and the control teeth at the baseline, and at the first, second and third annual evaluations was 0.32, 0.32, 0.16 and 0.27, and 0.30, 0.33, 0.13 and 0.25, respectively.
The average scores for bleeding during probing of the Procera AllCeram crowns and control teeth at the baseline, and at the first, second and third annual evaluations were 0.14, 0.16, 0.11 and 0.18, and 0.12, 0.10, 0.11 and 0.16, respectively.
No secondary caries was detected clinically at any of the follow-up evaluations conducted so far.
Discussion
All-ceramic crown systems, consisting of a core material and a porcelain veneer, have become highly popular. The high-strength core is fabricated using the CAD/CAM-like Procera system, which enables the dentists and dental technicians to make copings of uniform thickness, proper size and high mechanical strength.
The clinical strength of all-ceramic crowns is influenced by several factors such as occlusal stress, the shape of the prepared tooth, the thickness of the porcelain veneer, the all-ceramic crown system employed, defects within the fired porcelain, and the luting cement systems employed. During the observation period, six crowns had been removed and five had to be remade. Fracture through the coping and porcelain veneers were observed in three cases, and fracture of the porcelain veneer was observed in one case. Small chippings were observed in three crowns.
The fractures in the porcelain veneer in the maxillary second molar tooth observed after seven months of cementation in this study may have been initiated by critical flaws within the porcelain rather than by material fatigue. Dental ceramics are brittle, with low tensile and high compressive strength, and fracture was noted in one case. In this crown, the occlusal thickness of the porcelain veneer was at least 1.6 mm, which is considered to be sufficiently thick to stand the compressive strength while chewing. 12 Oden et al 6 reported fractures in 3% of all Procera AllCeram crowns fixed during a 5-year clinical trial, and the failure rate for the molars was higher as compared with that for the premolars, canines and incisors. The fractures that occurred in this study also were most frequently observed in the crowns for the molar and premolar teeth, consistent with the report by Oden et al. 6 Ödman and Andersson 7 also reported 1 crown failure after one year of loading and two failures after 3 years, and almost the same survival rate as in the present study. In the present study, three crowns had to be removed because of fracture; the remaining two had to be removed due to root fracture and esthetic problems. Excluding the two crowns, which failed, the cumulative survival rate during the observation period in our study was 95.2 %. In regard to other types of crowns, the survival rates reported by one study for ceramic CAD/ CAM-generated In-Ceram Alumina and In-Ce- Table 3 Quality of the Procera AllCeram crowns at baseline and at the first, second and third years of follow-up according to the CDA system (%).
ram Spinell posterior crowns after a mean period of 39 ± 11 months were 92 % and 100 %, respectively. 13 Others 1-3 have reported success rates of more than 95% for In-Ceram crowns, better than the rate in the present report. However, it is difficult to judge from the results obtained so far whether the In-Cearm crowns or Procera crowns are superior.
After a clinical trial of In-Ceram crowns, McLaren et al 14 reported that molar crowns were at a higher risk of fractures than anterior crowns. Long-term clinical studies are needed to determine whether Procera AllCeram crowns are also satisfactory for posterior regions, since in this study, all the fractures occurred only in the molar and premolar regions.
In the evaluations conducted according to the CDA criteria in this study, the color, surface and anatomic form were rated as satisfactory, with more than 90% being rated as excellent. On the other hand, only about 70% of the crowns were rated as excellent for marginal integrity, whereas in the report of Oden et al 6 95% and 92% of the crowns were rated as excellent for marginal integrity at the baseline and at the end of 1-year after cementation, respectively. These results were different from our findings. On the other hand, the marginal integrity of the Procera-titanium fixed partial dentures was rated as satisfactory in 74% of the crowns at the baseline, which was almost the same as the finding in our study. In Ödman and Andersson's study, 7 37% and 55% of the crowns were rated as excellent and acceptable, respectively. The percentage classified as "excellent" was very low, and it seemed to be very difficult for Procera AllCeram crowns to get an excellent rating. There are no clinical data on the other all-ceramic crowns evaluated using the CDA quality assessment system. For example, Haselton et al 15 evaluated In-Ceram crowns using USPHS criteria; 88% of the crowns received a rating of Alpha or Bravo for marginal integrity. From the above-mentioned results, it would seem that it is generally very difficult to achieve perfect marginal integrity, especially when the copings are made with the CAD/CAM system, as shown in our study.
All the crowns in this study were luted using adhesive resin cements, although various types of cements have been recommended by the manufacturer when seating Procera AllCeram crowns. In other clinical reports, 6 7 the crowns used were mostly luted with zinc phosphate cements or glass-ionomer cements, therefore, for evaluation of the long-term results, it is very important to consider the choice of cements. Other reports 2, 16 have indicated that recurrent caries at the crown margin is one of the main reasons for crown replacement. Also, the incidence of fractures is higher with all-ceramic crowns, depending on the luting agent used. 17, 18 Furthermore, the possibility of cracks occurring at the margins of all-ceramic crowns due to water absorption and expansion was reported when resin-ionomer cements were used. 19 None of the crowns in this study had loosened, as reported in other studies, 6 during the observation period.
The probing index suggested little plaque and bleeding as compared to that reported in another study 13 of In-Ceram crowns. In this study, the scores for the Procera AllCeram crowns tended to be higher as compared to that for the control teeth.
Since the observation period in this study was short, continued follow-up of the patients is intended.
Conclusion
Procera AllCeram crowns were fabricated for 101 teeth at Tsurumi University Dental Hospital from July 2001 to October 2002, and the performance of the crowns was evaluated using CDA criteria. The preliminary results of the third annual follow-up of these crowns were as follows:
Six crowns were removed during this observation period, and the primary reason for the removal was fracture of the coping. Fractures occurred most frequently in the molar and premolar regions. The cumulative survival rate of the crowns was 93.2%. Ninety-eight percent of the crowns were rated as satisfactory according to the CDA criteria.
